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- (57)Abstract: 

PROBLEM TO BE SOLVED: To measure a micro-pattern with high accuracy by 
accurately detecting the edge of a pattern. 

SOLUTION: A pattern image of a sample, where a micro-pattern is formed is obtained 
by an image acquisition part 33 1 , in a graphic creating part 332, a graphic in which a 
pattern shape is reflected is created for the acquired pattern image, in a density 
distribution data acquiring part 333, density distribution data on a straight line vertical f 
to the tangent of the contour of the graphic is acquired, in an edge detecting part 334, 
pattern edge coordinates are detected from the density distribution data, and in a pattern 
shape measuring part 335, the shape of a pattern is measured on the basis of the pattern • 
edge coordinates. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The detailed pattern measuring method characterized by to have the process which acquires the pattern image of a 
sample with which a detailed pattern was formed, the process which create the graphic form which reflects a pattern configuration 
to said pattern image, the process which acquire the concentration distribution data on a perpendicular straight line to the tangent 
of the profile of this graphic form, the process which detect a pattern edge coordinate from said concentration distribution data, 
and the process which measure the configuration of said pattern based on said pattern edge coordinate. 
[Claim 2] Creation of said graphic form is a detailed pattern measuring method according to claim 1 characterized by using 
labeling based on the difference in image concentration. 

[Claim 3] The detailed pattern measuring method according to claim 1 characterized by to set up the representation point and 
measurement field of said pattern, to search for concentration distribution for every predetermined assignment include angle 
focusing on said representation point in this measurement field, to ask for the criteria location under this concentration 
distribution, to ask for the near profile of said pattern based on this criteria location, and to create said graphic form based on this 
profile. 

[Claim 4] Said measurement field is a detailed pattern measuring method according to claim 3 characterized by being the outside 
of a small closed curve between two closed curves which do not cross mutually, and being the inside of a large closed curve. 
[Claim 5] The detailed pattern measuring method according to claim 1 characterized by determining the direction and spacing of 
acquisition of said concentration distribution data, and acquiring said concentration distribution data based on the direction and 
spacing which were this determined based on the description of the configuration of said pattern. 

[Claim 6] The extract of the description of the configuration of said pattern is a detailed pattern measuring method according to 
claim 5 characterized by carrying out using the relation between the coordinate which specifies the profile of said graphic form, 
and the include angle from the center of gravity of said pattern in which this coordinate is located. 

[Claim 7] The pattern image acquisition section which acquires the pattern image of a sample, and the graphic form creation 
section which creates the graphic form which reflects a pattern configuration to said pattern image, The concentration distribution 
data acquisition section which acquires the concentration distribution data on a perpendicular straight line to the tangent of the 
profile of said graphic form, The detailed pattern measuring device characterized by coming to provide the edge detecting element 
which detects a pattern edge coordinate based on said concentration distribution data, and the configuration test section which 
measures the configuration of said pattern based on said edge coordinate. 

[Claim 8] The function which acquires the pattern image of a sample to a computer, and the function which creates the graphic 
form which reflects a pattern configuration to said pattern image, The function which acquires the concentration distribution data 
on a perpendicular straight line to the tangent of the profile of said graphic form, The record medium which recorded the detailed 
pattern measurement program for realizing the function to detect a pattern edge coordinate based on said concentration 
distribution data, and the function which measures the configuration of said pattern based on said edge coordinate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the record medium which recorded the detailed pattern measuring method, 
detailed pattern measuring device, and detailed pattern measurement program which measure the pattern configuration of a 
sample. 
[0002] 

[Description of the Prior Art] In evaluation of the process of a semiconductor device, the pattern on a wafer is observed with a 
scanning electron microscope etc., and measuring the predetermined dimension of a pattern is performed widely. Recently, the 
configuration of a pattern is also diversified with high integration of a device. For this reason, the conventional 1 -dimensional 
dimension measurement does not necessarily turn into measuring the parameter which determines the property of a device, but 
two-dimensional dimension measurement of a boundary length, area, etc. is becoming important. 

[0003] On the other hand, it may be influenced of the aberration of the lens of an aligner etc. with detailed-izing of a pattern in the 
case of the lithography process which forms a pattern configuration. The pattern which should become a perfect circle in this case 
is distorted. In such a case, even if it measures only the diameter of the existing fixed direction, it cannot be said that that 
measured value is expressing the configuration of this pattern correctly. Therefore, the meaning of measuring area also from this 
point is becoming large. Moreover, although it was important to measure the roughness of a pattern edge to evaluation of a resist 
etc., in the case of the Rhine pattern etc., from patterns with curvature, such as a hole pattern, it was not able to ask for roughness 
from asking simple. 

[0004] Polar-coordinate expansion of the image of a hole pattern is carried out, Rhine addition is performed in the include-angle 
direction to the developed image, and there is a thing of asking for the diameter, the radius, area, etc. reflecting all the directions 
of the hole pattern, by detecting an edge location as indicated by JP,7-27548,A as opposed to such a problem. However, in this 
technique, when polar-coordinate expansion was carried out to the hole pattern near a perfect circle, in order not to become a 
straight line, but for an edge to become blunt in the case of said Rhine addition and to detect an edge to an edge in the direction 
which is not perpendicular, there was a problem that detection precision was bad, to the part equivalent to the edge of a hole 
pattern being located in a line with about 1 straight line, in the case of the big pattern of roughness, an ellipse, etc. 
[0005] This trouble is explained using drawing 18 . The image with which the field corresponding to the hole bottom field 101 
and the taper section in the field corresponding to [ the taper-like hole pattern is formed on the wafer whose drawing 18 is a 
sample, and ] the hole bottom of the hole has such fields 101-103 by the cheek field 102 and fields other than these being the 
outside field 103 is obtained. Concentration distribution is searched for in the direction of linear shown in an arrow head to the 
obtained image, and an edge is detected. In this case, in drawing 1 8 (a), when performing edge detection in the direction of slant 
to an edge, as compared with the case of dra wing 18 (b) performed perpendicularly, the contrast of concentration change is bad. 
Therefore, the direction in case detection precision is shown in drawing 18 (a) worsens. 

[0006] Moreover, although the example which asks for an edge from the peak on the straight line which crosses the curve 
direction of this field in JP, 10-276043, A to the field surrounded with the ellipse of two size to the pattern of an ellipse, and asks 
for the width of face and the height of an ellipse, area, etc. based on this is given As well as [ the obtained edge ] the 
above-mentioned conventional example since edge detection is carried out to the edge in the direction which is not perpendicular, 
there is a problem that the detection precision of the obtained edge location is bad. Moreover, the appointed range concentration 
data are acquired in the direction perpendicular to the edge for which it asked, and although there is an example of detecting the 
abnormalities in a taper of a pattern based on concentration data, edge detection using this concentration data is not performed. 
[0007] 

[Problem(s) to be Solved by the Invention] Since edge detection is carried out in the conventional detailed pattern measuring 
method in the direction which is not perpendicular to the edge called for from image data as mentioned above, there is a problem 
that the detection precision of the obtained edge location is bad. 

[0008] The place which it was made in order that this invention might solve the above-mentioned technical problem, and is made 
into the purpose is by detecting the edge of a pattern correctly to offer the record medium which recorded the detailed pattern 
measuring method, detailed pattern measuring device, and detailed pattern measurement program which enable measurement of a 
highly precise detailed pattern. 
[0009] 

[Means for Solving the Problem] The process from which the detailed pattern measuring method concerning this invention 
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acquires the pattern image of a sample with which the detailed pattern was formed, The process which creates the graphic form 
which reflects a pattern configuration to said pattern image, It is characterized by having the process which acquires the 
concentration distribution data on a perpendicular straight line to the tangent of the profile of this graphic form, the process which 
detects a pattern edge coordinate from said concentration distribution data, and the process which measures the configuration of 
said pattern based on said pattern edge coordinate. 
[0010] The desirable gestalt of this invention is shown below. 

[001 1] (1) Creation of the graphic form reflecting a pattern configuration uses labeling based on the difference in image 
concentration. 

[0012] (2) The representation point and measurement field of a pattern are set up, and concentration distribution is searched for 
for every predetermined assignment include angle focusing on a representation point in this measurement field, ask for the peak 
location under this concentration distribution, ask for the near profile of said pattern based on this peak location, and create said 
graphic form based on this profile. 

[0013] The measurement field in (3) and (2) is the outside of a small closed curve between two closed curves which do not cross 
mutually, and is the inside of a large closed curve. 

[0014] (4) Based on the description of the configuration of a pattern, determine the direction and spacing of acquisition of said 
concentration distribution data, and acquire concentration distribution data based on the direction and spacing which were this 
determined. 

[0015] The relation between the coordinate which specifies the profile of said graphic form, and the include angle from the center 
of gravity of said pattern in which this coordinate is located is used for the description of the configuration of the pattern in (5) and 
(4). 

[0016] Moreover, this invention concerning an approach is materialized also as a record medium which recorded the detailed 
pattern measurement program for realizing the function equivalent to the invention concerned on the computer and in which 
computer reading is possible. 

[0017] Moreover, the detailed pattern measuring device concerning this invention The pattern image acquisition section which 
acquires the pattern image of a sample, and the graphic form creation section which creates the graphic form which reflects a 
pattern configuration to said pattern image, The concentration distribution data acquisition section which acquires the 
concentration distribution data on a perpendicular straight line to the tangent of the profile of said graphic form, It is characterized 
by coming to provide the edge detecting element which detects a pattern edge coordinate based on said concentration distribution 
data, and the configuration test section which measures the configuration of said pattern based on said edge coordinate. 
[0018] (Operation) In this invention, the graphic form reflecting a pattern configuration is created, the concentration distribution 
data on a perpendicular straight line are acquired to the tangent of the profile of this graphic form, and an edge coordinate is 
detected based on this. Thereby, since an edge is always detectable in the perpendicular direction to the profile of a pattern, the 
detection precision of an edge becomes high. Therefore, the measurement precision of shape parameters, such as area and a 
boundary length, computed based on an edge improves remarkably. Moreover, even if it is a pattern with curvature, it becomes 
possible to measure edge roughness simple. 

[001 9] Moreover, the representation point and measurement field of a pattern are set up, concentration distribution is searched for 
for every predetermined assignment include angle focusing on a representation point in this measurement field, it asks for the 
peak location under this concentration distribution, and the graphic form which reflects a pattern configuration in quest of the near 
profile of said pattern based on this peak location is created. Thereby, since only the information near an edge is used for the 
extract of the description of the configuration of a pattern, little measurement of the effect of a noise is attained more. Moreover, 
by specifying a measurement field with two closed curves which do not cross mutually, it becomes possible to measure the pattern 
of various configurations, and the time amount which measures the pattern of substandard magnitude can be shortened sharply. 
[0020] ' 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained, referring to a drawing. 
[002 1 ] (The 1 st operation gestalt) Drawing 1 is drawing showing the whole detailed pattern measuring device configuration 
concerning the 1st operation gestalt of this invention. This operation gestalt explains using length measurement SEM. 
[0022] As shown in drawing 1 , the scanning electron microscope concerning this operation gestalt is divided roughly into the 
secondary electron detection device in which the electron gun which emits an electron beam, the electron optics system which 
irradiates the emitted electron beam on the sample (sample 11) front face which is the measuring object, and the secondary 
electron emitted from a sample front face are detected. 

[0023] The electron optics system which consists of the gun alignment coil 2, a condensing lens 3, the objective lens alignment 
coil 4, the stigma coil 5, the scan coil 6, the object diaphragm 7, a secondary electron detector 8, and an objective lens 9 toward 
the travelling direction is prepared in the course of electron beam V irradiated from the electron gun 1 which emits an electron 
beam to a sample 1 1 in order, the gun alignment coil 2 and the objective lens alignment coil 4 are formed in order to amend a 
condensing lens 3 and an objective lens 9 - having — the scan coil 6 -- two pairs of electromagnetism it consists of a coil, the 
power source of a period which is different in each coil, respectively is supplied, the saw tooth waveform signal of the direction of 
Y is given to one side on another side of the direction of X, and electron beam 1' is scanned. 

[0024] Moreover, if electron beam 1' irradiated from the electron gun 1 passes an electron optics system, the sample 1 1 laid on 
the stage 10 will irradiate. Moreover, as a secondary electron detection device, the secondary electron detector 8 is arranged from 
a sample 1 1 at predetermined distance detached building and the secondary electron emitted from sample 1 1 front face is 

detected. 
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[0025] The power source 21 for acceleration voltage control is connected to the electron gun 1, and electron beam 1' from an 
electron gun 1 can be emitted with desired acceleration energy according to this power source 21 for acceleration voltage control. 
It connects with the beam alignment control circuit 22, the stigma control circuit 23 is connected to the stigma coil 5, and the gun 
alignment coil 2 and the objective lens alignment coil 4 amend the shape of beam by these beam alignment control circuit 22 and 
the stigma control circuit 23. 

[0026] Moreover, the deviation signal generated in deviation signal generator 24' which the scan coil 6 was connected to the 
deflection amplifier 24, and was further connected to this deflection amplifier 24 is made to amplify with a deflection amplifier 
24, and an electrical potential difference is given to the scan coil 6. The objective lens energizing voltage power source 25 is 
connected to an objective lens 9, and energizing voltage is given to an objective lens 9 according to this power source 25. The 
stage controller 26 is connected to a stage 10, and a stage 10 drives by this controller 26. The control system which consists of 
these [21-23 ], 24', and 26 is controlled by the host computer 27. 

[0027] Moreover, the measurement data detected with the secondary electron detector 8 is inputted into a scan converter 29 
through an amplifier 28, and is expanded and displayed on CRT30 as a two-dimensional image. 

[0028] A deflection amplifier 3 1 is connected to deviation signal generator 24', and the scan coil 32 is further connected to this 
deflection amplifier 3 1 . By controlling the scan coil 32 by the deviation signal amplified from the deviation signal amplifier 3 1 , 
the beam scan of CRT30 is made synchronizing with the scan on a sample 1 1 . 

[0029] The output signal of a scan converter 29 is inputted into an image processing system 33. As for the secondary electron 
detecting signal used as the two-dimensional image with the scan converter 29, a desired image processing is made with an image 
processing system 33. It connects with a host computer 27 and this image processing system 33 performs an image processing 
based on the command of a host computer 27. 

[0030] In addition, a host computer 27 controls the image processing in control and the image processing system 33 of a control 
system based on the recipe file 34 defined beforehand. 

[003 1 ] Drawing 2 is drawing showing the detailed configuration of an image processing system 3 3 . The image data made into the 
two-dimensional signal by the scan converter 29 is acquired in the image acquisition section 331. The image data obtained in the 
image acquisition section 33 1 is outputted to the graphic form creation section 332, and a graphic form which reflects the 
configuration of a pattern is created. The created graphic data are outputted to the concentration distribution data acquisition 
section 333. In this concentration distribution data acquisition section 333, concentration distribution data are created based on 
graphic data. The obtained concentration distribution data are outputted to the edge detecting element 334, and the edge of a 
pattern is detected. The edge of the obtained pattern is outputted to the pattern configuration test section 335. The pattern 
configuration test section 335 measures area, a boundary length, edge roughness, etc. of a pattern on a pattern configuration and a 
concrete target based on the edge of a pattern. 

[0032] Next, the detailed pattern measuring method which starts this operation gestalt using drawing 1 - drawing 8 is explained. 
As an example, the case where the hole pattern of an ellipse form is measured is explained. 

[0033] First, the sample 11 (wafer) in which the hole pattern of an ellipse form was formed is conveyed in the measuring device 
shown in drawing 1 . After alignment actuation etc. amends the rotation of a sample 1 1 , electron beam 1 ' is scanned, and it moves 
on a stage 1 0 so that the target pattern may come in a visual field. 

[0034] Under the present circumstances, the SEM image of the hole pattern obtained is shown in drawing 3 . As shown in 
drawing 3 , the part in which the part which is equivalent to the hole bottom of a hole among the hole patterns of an ellipse form is 
equivalent to the taper of the hole bottom field 41 and a hole pattern serves as the outside field 43 in fields other than cheek field 
42, these hole bottom field 41, and cheek field 42. It is dark in the hole bottom field 41 (black), and it is bright in the cheek field 
42 (white), and the image with which the outside field 43 became a little bright (gray) is obtained. 

[0035] The obtained SEM image data is outputted to the graphic form creation section 332. In the graphic form creation section 
332, a graphic form which reflects the configuration of a hole pattern based on SEM image data is created. For example, 3 
value-ized processing is performed with a predetermined threshold, labeling is carried out to three fields, the black divided with a 
threshold, white, and gray, and the boundary of black and white is extracted. It is possible for this to extract the rim of the hole 
bottom field of a hole pattern, i.e., the part equivalent to a profile. 

[0036] In addition, differential processing may be performed for example, to SEM image data besides 3 value-ized processing, 
and you may extract by performing binary-ized processing in the cheek field 42 and the other field using threshold level 
processing extracting only a part with the high concentration of the obtained differential image, or the cheek field 42 becoming 
bright white. 

[0037] Even if it is the case where the creation technique of which reflection graphic form is used, many noises like a sesame salt 
noise are contained in a SEM image. Then, the graphic form reflecting the configuration of a hole pattern is acquired by removing 
the fine noise on a profile using processing of the Fourier transform etc. An example of the graphic form reflecting the 
configuration of this hole pattern is shown in drawing 4 . As shown in drawing 4 , it turns out that the reflection graphic form 5 1 
has the almost same configuration as the configuration equivalent to the profile of the hole bottom field 41 . 
[0038] The acquired reflection graphic form 51 is outputted to the concentration distribution data acquisition section 333. In the 
concentration distribution data acquisition section 333, concentration distribution data are created based on the reflection graphic 
form 5 1 . The concrete technique is explained below using drawing 5 . 

[0039] First, it asks for the center-of- gravity location 51 1 of the reflection graphic form 51 . Next, the criteria straight line 512 
passing through the center-of- gravity location 51 1 is set up. And a straight line 513 is drawn from the center-of-gravity location 
5 1 1 to the reflection graphic form 5 1 to the criteria straight line 5 1 2 at every assignment include angle theta. In drawing 5 , 
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although the straight line 513 shows only one for the facilities of explanation, if the assignment include angle theta is set as 2 
degrees, for example, 180 straight lines 513 will be obtained. And it asks for the intersection 514 of the profile of this straight line 
5 1 3 and the reflection graphic form 5 1 , and asks for the inclination of the tangent 5 1 5 of the reflection graphic form 5 1 in this 
intersection 514 by differential. And the concentration acquisition straight line 516 is drawn in the direction which intersects 
perpendicularly to the inclination of the obtained tangent 515. And the concentration distribution data on this concentration 
acquisition straight line 516 are acquired. 

[0040] Drawing 6 shows the SEM image and the concentration acquisition straight line 516 which were obtained in the image 
acquisition section 331. Only the field (the concentration acquisition field 517 is called hereafter) which is in a predetermined 
distance across an intersection 514 actually acquires concentration distribution among the concentration acquisition straight lines 
516. This concentration distribution acquisition field 517 includes from the point in the hole bottom field 41 to the point in the 
outside field 43 across an intersection 513 at least, and it is set up so that from the inner circumference of the cheek field 42 to a 
periphery may be crossed. 

[004 1 ] Thus, the concentration distribution curve 6 1 acquired in the set-up concentration distribution acquisition field 5 1 7 is 
shown in drawing 7 . An axis of abscissa is a location, an axis of ordinate is concentration, and the side with the hole bottom field 
41 and a location far [ a side with the location near 0 ] from 0 shows the concentration of the outside field 43. The acquired 
concentration distribution curve 61 will become like drawing 8 , if the concentration, distribution acquired only about one straight 
line 5 1 2 in the assignment include angle theta is shown as shown in drawing 5 , this concentration distribution curve 6 1 is 
searched for for every assignment include angle and it develops to each assignment include angle. An axis of abscissa is a location 
and an axis of ordinate is an include angle. The axis of abscissa in drawing 8 is the axis of abscissa and positive/negative reverse 
which were shown in drawing 7 . Therefore, a side with the outside field 43 and a location far [ a side with the location near 0 ] 
from 0 is the hole bottom field 4 1 . 

[0042] The concentration distribution data developed by the assignment include angle are outputted to the edge detecting element 
334. In the edge detecting element 334, an edge location is detected by straight-line approximation etc. like dimension 
measurement of the usual Rhine pattern based on the developed concentration distribution data. If the obtained edge location is 
changed into the original image, i.e., the two-dimensional image before developing for every assignment include angle, the part 
near the profile of a hole bottom can be extracted. 

[0043] The data in which the obtained edge location is shown are outputted to the pattern configuration test section 335. The 
pattern configuration test section 335 measures area, a boundary length, etc. of a pattern from the profile of the pattern obtained 
from the edge location of a pattern. In addition, the pattern configuration test section 335 can also compute the roughness of the 
edge of a hole pattern by investigating distribution of the edge location of the above-mentioned expansion image. Namely, what is 
necessary is just to search for dispersion in the edge, location detected to the assignment include angle. 

[0044] Thus, since it becomes possible to detect an edge in the perpendicular direction to the profile of a pattern according to this 
operation gestalt, the detection precision of an edge becomes high. Therefore, the measurement precision of shape parameters, 
such as area and a boundary length, computed based on the detected edge improves. Moreover, even if it is a pattern with 
curvature, it becomes possible to measure edge roughness simpler. The graphic form which reflects a pattern configuration 
simple can be created by using labeling especially. 

[0045] In addition, although the case where once created the graphic form which developed the concentration distribution curve 
as shown in drawing S in this operation gestalt, and an edge location was detected based on the graphic form was shown, it is also 
possible to skip such a process. That is, a reference point is computed, respectively from the concentration distribution curve 
searched for for every assignment include angle, and if the reference point of these plurality is directly plotted on a 
two-dimensional image, a development view form will become unnecessary. [ two or more ] 

[0046] (The 2nd operation gestalt) This operation gestalt is involved in the modification of the 1st operation gestalt. Although the 
graphic form which performs an image processing to the whole image containing a hole pattern, and reflects a pattern 
configuration was extracted with the 1st operation gestalt, a SEM image tends to be influenced [ this ] also in case many sesame 
salt noises are the extracts of a graphic form. Then, the graphic form which reflects a pattern configuration using the technique 
shown below may be extracted. In addition, detailed explanation of the part which is common in the 1st operation gestalt in 
explanation of this operation gestalt is omitted. 

[0047] First, it conveys in a measuring device as shows the sample 1 1 (wafer) in which the hole pattern was formed to drawing I 
. Next, after alignment actuation etc. amends the rotation of a sample 1 1 , electron beam 1 ' is scanned, and the target pattern moves 
on a stage 10 so that it may come in a visual field. It is the same as the 1 st operation gestalt so far. 
[0048] Next, a sample 1 1 top is scanned by electron beam 1 ', and the SEM image of a sample 1 1 is obtained in the image 
acquisition section 331. And the obtained image data is outputted to the graphic form creation section 332 from the image 
acquisition section 331. Actuation shown below is performed in the graphic form creation section 332. First, the main coordinate 
of the target pattern is searched for using the reference image made to memorize in the memory which an image processing 
system 33 does not illustrate beforehand to the obtained image data. 

[0049] Drawing 9 is drawing showing an example of a reference image, obtaining - having ~ image data - almost - being the 
same -- a configuration - an image — namely, — a hole bottom - a field — 41 — ' — a cheek - a field — 42 - 1 - and -- an outside 
- a field - 43 - ' - having a hole bottom - a field - 41 - ' - a core — **** — a pattern - a core - a coordinate - criteria 
** — carrying out - a normal coordinate — 44 -- ' - memorizing - having - **** . This reference image is compared with the 
actually obtained SEM image, it asks for both correlation coefficient, and the location more than the threshold defined beforehand 
is set up as a main coordinate of that pattern. 
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[0050] Next, measuring range is set up focusing on the main coordinate of the obtained pattern. Drawing 10 is drawing showing 
an example of measuring range. As shown in drawing 10 , in the image data which consists of the hole bottom field 4 1 , a cheek 
field 42, and an outside field 43, the main coordinate 44 is given to the core of the hole bottom field 41 , and two closed curves 
(ellipses 62 and 63 of two size) centering on this main coordinate 44 are set to it. The field specified with the ellipses 62 and 63 
of this two size, i.e., the field inside the big ellipse 63 which is the outside of the small ellipse 62, is measuring range. The 
magnitude of ellipses 62 and 63 is set to this measuring range as the part of the edge of the hole of a hole pattern, i.e., all the fields 
of the cheek field 42, is contained. 

[0051] this -- an ellipse 62 - and - 63 - a configuration - for example, -- reference -- an image - constituting - a hole 
bottom - a field - 41 - ' -- a cheek - a field - 42 -- ' — a rim - specifying - having an ellipse -- etc. -- being the same -- a 
configuration - using - ****ing - a closed curve - it is -- if — an ellipse -- you may not be -- for example, a rectangle - you 
may be . Moreover, you may be a certain thing which is constant-rate-expanded, or contracts and creates two closed curves about 
the data of the profile which extracted the profile of a pattern by 3 value-ized processing, and was obtained in order to ask for this 
closed curve. Moreover, when the permissible dose of pattern size change measured is defined beforehand, if it is set as the 
magnitude of the upper limit of the size permitted, since measurement does not need to be performed to the pattern of the 
magnitude outside tolerance, the closed curve which specifies the outside of measuring range in the magnitude of the minimum of 
size by which the closed curve which specifies the inside of measuring range is permitted can shorten the measuring time. 
[0052] Next, the concentration distribution data in the appointed measuring range are acquired. Drawing 1 1 is drawing for 
explaining the acquisition approach of concentration distribution data. As shown in drawing 1 1 , the predetermined include angle 
theta is passed along nothing and the main coordinate 44 to the criteria straight line 71 which passes along the tennination 
coordinate 44, the straight line 72 which crosses measuring range is set up, it is on this straight line 72, and the concentration 
distribution data 73 of the field in measuring range are acquired. Two or more [ of this straight line 72 ] are given for every 
include angle specified to the criteria straight line 71, and the concentration distribution curve 73 is acquired to all the straight 
lines 72. 

[0053] Drawing 12 is drawing showing the acquired concentration distribution curve 73. An axis of abscissa is a location and an 
axis of ordinate is concentration. The coordinate to which concentration is the highest is extracted from this concentration 
distribution curve 73. And if the same actuation is repeated for every assignment include angle, the set of the maximum of 
concentration will be obtained. The graphic form reflecting the configuration of a pattern can be created by connecting the set of 
the obtained maximum and removing a noise. The acquired graphic form is shown in drawing 13 . 

[0054] In addition, although the maximum of concentration was acquired, in order to make it the graphic form reflecting the 

configuration of a pattern create, the point which became small [ concentration ] 50% may be used from maximum. 

[0055] After that, the obtained reflection graphic data are outputted to the concentration distribution data acquisition section 333 

like the 1st operation gestalt, and it differentiates for every assignment include angle, and concentration distribution data are 

acquired in the direction which intersects perpendicularly with the obtained inclination, the edge of a pattern is detected from the 

obtained concentration distribution data, and area, a boundary length, edge roughness, etc. are measured. 

[0056] Thus, since according to this operation gestalt only the information near an edge is used for the extract of the description 

of the configuration of a pattern while doing so the same effectiveness as the 1 st operation gestalt, little measurement of the effect 

of a noise is attained more. Moreover, it is given across the cheek field 42 and it becomes possible to measure the pattern of 

various configurations by using two closed curves which specify measuring range. Moreover, the time amount which measures 

the pattern of substandard magnitude can be shortened sharply. 

[0057] (The 3rd operation gestalt) This operation gestalt is concerned with the modification of the 1st operation gestalt, and the 
description is in creation of concentration distribution data. This operation gestalt explains the case where the hole pattern of a 
different configuration from the 1 st operation gestalt is measured. 

[0058] First, a sample 1 1 is carried in in equipment like a 1st and 2 operation gestalt, a SEM image is acquired, and it outputs to 
the image acquisition section 331. Drawing 1 4 is drawing showing the SEM image data of the hole pattern of this operation 
gestalt. Although the point that image data consists of a hole bottom field 81 , a cheek field 82, and an outside field 83 is the same 
as the 1st operation gestalt as shown in drawing 14 , the configurations differ and a straight-line part is included not in an ellipse 
form but in the periphery. 

[0059] The obtained image data is outputted to the graphic form creation section 332 from the image acquisition section 33 1 . The 
graphic form creation section 332 creates the graphic form which reflects the configuration of a pattern using the technique of one 
of 1st and 2 operation gestalten based on the image data shown in drawing 14 , and outputs it to the concentration distribution 
data acquisition section 333. 

[0060] Drawing 1 5 is drawing for explaining the concentration distribution data acquisition approach. As shown in drawing 15 , 
the concentration distribution data acquisition section 333 asks for the center of figure 84 which reflects the configuration of a 
pattern first. And it asks for x and a y-coordinate for every assignment include angle centering on the acquired center of gravity 
84. 

[0061 ] Relation with the include angle theta with a criteria straight line is indicated to be x and the y-coordinate which were 
obtained to drawing 1 6 . When a y-coordinate is observed in drawing 1 6 , it turns out that the fluctuation is small compared with 
other parts in the range 9 1 . Drawing 1 7 differentiates x and the y-coordinate which were shown in drawing 1 6 at the include angle 
theta with a criteria straight line. In the range 91, as for the value which differentiated the y-coordinate, i.e., dy/dtheta, the value is 
about 0. That is, it is shown that the profile of a graphic form is almost level in this range 91. Therefore, what is necessary is just 
to acquire concentration distribution data in the perpendicular direction to a criteria straight line, as this range 91 is shown in 
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drawing 1 5 . In range 92 other than range 9 1 , like a 1 st and 2 operation gestalt, the profile of a graphic form is differentiated in 
each location, and concentration distribution data are acquired in the direction which intersects perpendicularly with the obtained 
inclination. 

[0062] And the point which detects the edge of a pattern from the obtained concentration distribution data, and measures area, a 
boundary length, and edge roughness is the same as a 1st and 2 operation gestalt. 

[0063] Thus, according to this operation gestalt, since spacing of a sampling can be defined efficiently, the measuring time can be 
shortened. The measuring time can be shortened in the case of measurement of the pattern of the configuration which is small 
curvature ] partially especially. 

[0064] In addition, although this operation gestalt explained the case where a straight-line part was included in the profile of the 
pattern made into the measuring object If the profile of a pattern is expressed with a predetermined function, it will ask for the 
tangent of a profile which can be set at least to each part of a pattern. The time and effort of acquiring the concentration 
distribution data on a straight line perpendicular to the tangent can be saved, it can ask for the inclination of the function showing 
a profile automatically, and the direction and spacing of concentration distribution data acquisition can be defined based on the 
inclination. 
[0065] 

[Effect of the Invention] Since an edge is detectable in the perpendicular direction to the profile of a pattern according to this 
invention as explained in full detail above, the detection precision of an edge becomes high. Therefore, the measurement precision 
of shape parameters, such as area and a boundary length, computed based on an edge improves remarkably. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing jj Drawing showing the whole detailed pattern measuring device configuration concerning the 1 st operation gestalt of 
this invention concerning the 1st operation gestalt of this invention. 

[Drawing 2] Drawing showing the detailed configuration of the image processing system concerning this operation gestalt 
[Drawing 3] Drawing showing the SEM image of the hole pattern obtained with this operation gestalt. 
[Drawing 41 Drawing showing an example of the graphic form reflecting the configuration of the hole pattern concerning this 
operation gestalt. 

[Drawing 5] Drawing for explaining the concentration distribution data origination technique concerning this operation gestalt. 
[Drawing 61 Drawing showing the SEM image obtained in the image acquisition section concerning this operation gestalt, and a 
concentration acquisition straight line. 

[Drawing 71 Drawing showing the concentration distribution curve in the concentration distribution acquisition field concerning 
this operation gestalt. 

[Drawing 81 Drawing which developed the concentration distribution curve concerning this operation gestalt to the assignment 
include angle. 

[Drawing 91 Drawing showing the reference image concerning the 2nd operation gestalt of this invention. 

[Drawing 10] Drawing showing an example of the measuring range in acquisition of the reflection graphic form concerning this 

operation gestalt. 

["Drawing 1 1] Drawing for explaining the acquisition approach of the concentration distribution data concerning this operation 
gestalt. 

[Drawing 1 21 Drawing showing the concentration distribution data concerning this operation gestalt. 

[Drawing 13] Drawing showing the graphic form reflecting the configuration of the pattern obtained according to this operation 
gestalt. 

[Drawing 141 Drawing showing the SEM image data of the hole pattern concerning the 3rd operation gestalt of this invention. 
[Drawing 15 j Drawing for explaining the concentration distribution data acquisition approach concerning this operation gestalt. 
[Drawing 16] Drawing showing relation with the include angle theta with a criteria straight line with x and the y-coordinate 
concerning this operation gestalt. 

[Drawing 17] Drawing showing x shown in drawing 16 of this operation gestalt, and the curve which differentiated the 
y-coordinate at the include angle theta with a criteria straight line. 

[Drawing 1 8] Drawing for explaining the trouble of the conventional pattern edge detection. 
[Description of Notations] 

1 - Electron gun 

1' -- Electron beam 

2 — Gun alignment coil 

3 — Condensing lens 

4 — Objective lens alignment coil 

5 -- Stigma coil 

6 — Scan coil 

7 — Object diaphragm 

8 ~ Secondary electron detector 

9 - Objective lens 
10-- Stage 

1 1 — Sample 

2 1 — Power source for acceleration voltage control 

22 - Beam alignment control circuit 22 

23 — Stigma control circuit 

24 3 1 — Deflection amplifier 
24' ~ Deviation signal generator 

25 - Objective lens energizing voltage power source 

26 - Stage controller 
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27 ~ Host computer 

28 Amplifier 

29 « Scan converter 

30 - CRT 

32 - Scan coil 

33 - Image processing system 

34 ~ Recipe file 

41 81 - Hole bottom field 

42 82 - Cheek field 

43 83 - Outside field 
84 -- Center of gravity 
91 92 --Range 

5 1 - Reflection graphic form 

61 73 - Concentration distribution curve 

62 63 - Ellipse 

71 - Criteria straight line 

72 - Straight line 

33 1 - Image acquisition section 

332 - Graphic form creation section 

333 - Concentration distribution data acquisition section 

334 - Edge detecting element 

335 Pattern configuration test section 
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rtffl*»^B4T**Brt6J:^K:lft£S*i*. IW«IKEBB<OJiliajOl6tt.iw8WS:5SJt J W-v\ -t 

[004 1] a K3lSSiifc«KE**K«MaJ«5 fCJaT«c3*t*a*fflV»T^->«RtjaiWtH 

1 7x-n^t\.tzmm^mme 1 ^H7 t^-r. mma mttMSLXb£\>\ ^mmm<ommza^x 

ffiB, «Htt«re*'}. ttB^OtifiwH^jSaSfflift miHM««k«Jl1-Sg|5^Pi{IO=5rI^{4«B&'tl>. 

4 1 . &wtfofrt>m^mwmm®4 3<r>m.i^L i o o 4 7 ] ^-r, ^-^^^-y^msfi^yr 

fc»Sft*«Ki3tt* l*<7)ttiH5 1 2«^tov^t# *(c. T9-f^yMWWffcJ: , )ir>'7 , ;H 1<7) 
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9 

i o i&mt& . i ; &x-i±m i mmmt mt?*> 
[0048] jjcfc, AFpe-Ai' t*f yrvn i±t 

JfcSfcU fyT/H iaSEMBft£BBR4983 3 1 
Tf»*. ^U-C. »^,^««T-^{««UiX#i53 3 

i *t>wtam 332 icaae*.* . h^wsb 3 3 

-y?)4"l>&B£##>.&. 10 
[0049] 09 Ji^HIHR^-Wt^tHT** . # 
&*UB«r-*fc«»Bt#tt*>BflL -tfcfcfcfte 
Btt4 1 ' s J**««4 2 ' 3iWM«B«4 3 ' 

[0050] Wzftt>tifzW-y0)'t><Ci&&t:'t>>bb 

ixm%MmiB.%tz.®iotem%.im(r>-0iz* 20 

1lt»6. HI 0C5*fJ:3fc, K&m®4 1 , jfaR 
H$4 2&t#MH!KI$4 3j&»&fcSBttx-*fc:l3H 

£<04"6&B4 4 £4"l>fc Lte2o<offlfliai (±/Jn2o 
C0ffiR6 2&IA'6 3 ) #f£££*l&, £tf*fc*20««| 
PJ6 2at^6 3-CfflSSn*««. ffcfcfc^SfcBH 
6 2^BT^*££flR6 S^rtMOfctfcPfflJEe 
fflT*S. <r<Z>M5@RHfc:tts ^-^N'^-yco^co^i 
<OS*h ^*>%^3lKS«4 2^^ , Ccolfi«* f *4*i 

[0051] Clc7)ffiR6 2&1/6 3«oBTOi, Miti'# 

imsrm»-«j%effH4 1 ■ *?mm®4 2 • 

HllWllT**UfllinT*< X t> ± < s 

->Tt» «fcv\ £*>B!ilMftS:**>*fctf>fc:» Mil* 

x<otr<o*& $ t» BJtBH**Mii&ajtf sbjiwr 
mnntihv* x<D±m.<r>±^\zw^.Lxm\t » 
tt8KHMtf>*s § <o^? - y cat ut (iffls*%t>n 

[ 0 0 5 2 ] fcfc. Jgtf>6fl^mOI(Cj3tt6»K^ 

^-^fcjww*. 01 1 ^ffis^T-^«#^r 

i6«rRW*fcA<0Brc**. 01 lfc^f * 
jh&ft 4 4 frS* Pti 7 1 fc*t L--C Bf^fOftJS 0 
frU «W>aW4 4*iiO, B£effl*ttftf*Btt7 

2£R«u i«m»7 2±-c**oaiie«H^iW8w 50 



#BB2 0 0 1-9 1 23 1 
1 0 

mg.mT-?7 3*nmi. ;coaai7 2tt. 
s. 

[ 0 0 5 3 ] 0 1 2Uf»<9n^aus^iatt 7 3 £*f 

i), ;^-yo«m&£B*f &H»*ft«f htbWT 
S*. #4>*ifcH#*01 3fc^f . 
[ 0 0 5 4 ] «*«0ft*«*tt»t 6 i 5 fc tfc 

fcab fcteffl*. tf 5 0 KBBWVhS < tc -> fcjjS 

[0055] %<F>m±% 1 gfttftB J: BBK , tlfcfifc 
®ft@^-**iM^f-*»tf*B3 3 3taiA 

[0056] Z<F>Z. o tra^UBKBt A*Uf . H 1 

%m®4 2 zw.lx'5-l t>n. Mfemmz «sf 1 20 
m&mm^&zbizx *)tit«%f&ttw?->t:M 
%thz.bmmb%&. wmwrkmw 
~>*n^h^m±mz%mth ibtfx-z s . 
[0057] {mmwm) ^■mmw.m 1 utt^ 

[ 0 0 5 8 ] *f % m 1 , 2HM»ffit H«fcf yr^ 

1 ISriairtCttAL. SEMB«*K»L. BffiJR# 
Si 3 3 1 tcm^Jf £ . 0 1 4 li+jWBRBW)*-;^ 
— ytOSE MBfSr- ? Sr^f HT* & . 0 1 4 £*f 
<t dfc. 1*"^-^«J^S«W8 1 . «M^«8 20 
*H)WW*8 3 1 HmUt B 

tarn® 1 ***)* tmmx-i&Ks zmn 
izmmftz-tts. 

[0059] ®L>ixfMT-?m&mm3 3 1 *> 

^0»^«i53 3 2fcffi;fcSfl6. BH^i£B3 3 2 
li, Hl4tcS%fB«f f -^KB^T»l. 2Hj5S^ 
Jlv^fYi*>^i6tlHV^^-y^»tttR«f4BI 
BK»*r-^R^3 3 3fcffl*f*. 
[ 0 0 6 0 ] 0 1 5tt»«#*f -^HftSttfcUWlf 

s^«><o0-cfcs. 01 s^f xnz. m&msT- 

^JRfW3 3 3tt. *f^^-y<WB«*R*f4H» 
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fcLTii§££lJgttfcx, yffli£#*>TVK. 

[006 1] ^fetutx. yaat, mmmMtwftig. 

Bti t&W9 1 ^fc^TJS^^il*^i5^(cit^ 
■C/JnS<*-5TV^ HI 7(4016^ 
U:x. yJiS5rS*ttHtOft^5-CSJ:^Uv:t>W 
**. y«***#UfcflL t&;b*>dy/d0l4. 42 

*>, -IO&B9 1 fc*V^TI4H«tf)(eSi5ttliQr*¥fc:'Sr 10 
o-rv^Sdh^UT^S. fit, £«0«H9 1fc8 

flfc«M^*T-?£HI»*ftifJ:v\ «SH9 1KW-<o 
*Effl92d3Vvt(4 > JR1, 2l8B$8i:RaK**i/e 

[0 0 6 2] *IX. M1xkWi9Wm ! r-9frt>H9 

[ 0 0 6 3 ] CKDi ? lZ*Mm&££tUlf. V>7V 20 

mmmtzzttf-czh. mz. Btowzmm** 
mt&zttfx-zh. 

1 0 0 6 4 ] =5rfc , *HJI»®T'i4M^mk-rS>'^ 

lfc»*«*IJW<0**fca»«fc:3to. *<0« 30 

ZZktfXZZ. 
[00651 

iz^?-y^Miznixmw.ttmzxvi;t:®ft-t 

[01] *JW*0» 1 Htt^©t^**^^ 1 Jttfc 40 

[H3] mmammx-m^nh^-tw^-ycosEM 
[04 ] mmtmmmh^~>u^-y<mmmi 

[05] H*ttaBffllW!R&«a**T-^fSji#ffi*» 

[06] mmmmzi&mimmT'&t>titisEM 50 



^2001-9 1 231 

1 2 

[07] ^imS(cfli£»SE»4inRf319tt(c^tt£« 

[08] ®mmBizm&m&mmzm$iftmztt 
ixmmttcm. 

[09] *f6Bgco^2Hifi^!g{=«l>#!KBfi6^*i- 

0. 

[0io] mmmmm^immm^nmzaifhm 
[01 1] nmmmmz%m^.m : f-9<r)mwm 

[012] HietBKBfcfliftiRa^T-^SSrtH. 

[013] mmmBmiz£*)ftt>tiw?->cDBK* 

[014] ^ffiflHWSSIUBBSItffiSd-vWW^-y 
<0 s E MHffir- ? £ n<t 0. 
[015] I^HM^c^SJgS^r-^Ktf^Sr 

[016] H&ttfftB&ffftx. yJS&fcs ffigffi&k 
<?)ft&ek<n»mz*-tm. 

[017] 1 6 tc jjrf x , y ffi»Sr«S 

[018] ^CO^^-^X-y^aj^SI^^W 

Srt:#>fD0. 

i • -m^h-A 



2- 




3- 




A- 


WfovyXTvA *y\-H)V 


5- 


•Xr-4 7~?H)V 


6- 




7- 


■mm 


8- 




9- 


■n^yx 


1 0 


—xt—'J 


1 1 


••fyyfi' 


2 1 


"■msssmmmvM 



22-M.-hTv4 *y\-mimk22 

2 3~ZT<?~?mwm 

24. 3 1 -flMfflMW 
24' — «rtHB-M^» 

2 5-mvyxwmnsMM 

2 6-xf-y'3yhn-7 

2 7- *Xb3yfju-^ 

29- X**y3>'<-f 

30- CRT 

3 2-^53^^ 

3 3-ii««HB5« 
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3 4-W^7r-i)V 

4 1 , 81-KA 



1 3 



4 2, 8 2-ftRtRK 
43, 83- 
84"M<I> 
9 1 , 9 2- 

6i, 7 3-mmm 



14 

6 2. 6 3-WP3 

7 1 -mwm 

7 2— EH 

3 3 1-BflBRlWf 
3 3 2-EBBfM» 

3 3 4-X-y^ttJg|5 

3 3 5-^-y«ttag» 



[01] 



[02] 




27"v 



I 



"1 



335 



334 



1 



332 



SttazfcS 331 



-33 



29A 



41 *isfc« 




•43 4WW0* 



[04] 




51 msm 



[05] 

516 

514Sj£ A 

13B« 




511 »uf*a 



512 1918 




[013] 



[07] 




61 MftttM 



[08] 




[012] 
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^200 1-9 1 23 1 
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103 



101 102 
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2001-91231 



F?-A(##) 2F065 AA03 AA12 AA56 AA58 BB02 
CC19 DD03 DD19 FF04 FF61 
GG01 HH04 JJ01 JJ15 MM16 
PP12 PP24 QQ03 QQ05 QQ06 
QQ13 QU6 QQ29 QQ31 QQ32 
QQ34 SS13 
4M106 CA39 DB05 DB21 
5B057 AA03 BA01 CA08 CA12 CB08 
CB12 CC01 DA07 DB02 DB09 
DC16 
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